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http://dx.doi.org/10.1016/j.jmu.2013Background: To evaluate the effectiveness of ultrasonic venous duplex examination (UVDE) for
lower limb varicose vein.
Materials and methods: Sixty-five patients with varicose vein of the lower limb during a 2-year
period were enrolled in this study. There were 21 men and 44 women with an age range from
20 to 80 years and a mean age of 60 years. All patients received UVDE to determine the causes
of varicose vein, including valvular incompetence, incompetent perforating vein, deep vein
thrombosis, and congenital abnormality.
Results: In these 65 patients with 80 abnormal lower limbs, valvular incompetence was
observed in 40 lower limbs (50%), valvular incompetence combined with incompetent perfo-
rating vein was observed in 22 lower limbs (27.5%), incompetent perforating vein only was
observed in 13 lower limbs (16.3%), deep vein thrombosis in four lower limbs (5%), and congen-
ital abnormality in one lower limb (1.2%).
Conclusion: Ultrasonic venous duplex examination (UVDE) is a safe and effective technique for
evaluating lower limb varicose veins before planning the treatment course.
ª 2013, Elsevier Taiwan LLC and the Chinese Taipei Society of Ultrasound in Medicine.
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Lower limb varicose veins are characterized by dilated,
tortuous, elongated veins on the skin surface, especially in the
calf [1]. They are highly prevalent among middle-aged in-
dividuals in Western countries, occurring in approximatelyof Ultrasound in Medicine. Open access under CC BY-NC-ND license.
Fig. 1 Ultrasonic venous duplex examination of lower limb
varicose vein due to left sapheno-femoral valvular incompe-
tence. (A) Color flow imaging and spectral Doppler examina-
tion. Incompetence of the left sapheno-femoral valve is
demonstrated by a large volume of reflux recorded during
Valsalva’s maneuver (the arrow indicates the start of Valsalva’s
maneuver). (B) Color flow imaging. Dilated and elongated
varicose veins over the left lower limb are seen.
Evaluation of Lower Limb Varicose Vein by Ultrasound 7757% of men and 68% of women [2]. This condition can cause
minor cosmetic problems in the young individuals or venous
ulceration in the elderly. Treatment for varicose veins,
including injection sclerotherapy, laser therapy, and surgery
varies depending on the cause and severity of the varicose
vein [2,3]. However, incomplete treatment and local recur-
rence remain clinical challenges [3].
Preoperative evaluation of lower limb varicose veins is
very important for planning the treatment course. With
the advent of ultrasound (US), ultrasonic venous duplex
examination (UVDE) of primary and secondary varicose
vein has become a promising modality for preoperative
assessment [4,5]. Thus, we undertook this study to retro-
spectively evaluate the etiology, including valvular
incompetence, incompetent perforating vein, deep vein
thrombosis and congenital abnormality of varicose veins
using UVDE.
Materials and methods
Patient demographics and medical record review
We retrospectively reviewed medical records and imaging
findings of patients with lower limb varicose vein who un-
derwent UVDE at a single institution. Eighty patients with a
diagnosis of lower limb varicose vein were examined be-
tween July 2009 and June 2011. Fifteen patients were
excluded because of varicose vein along the lesser saphe-
nous vein territory. Of the remaining 65 patients (21 men
and 44 women; age range, 20e80 years; mean age, 60
years), 50 had varicose vein in only one lower limb, whereas
15 patients had varicose vein in both lower limbs. Clinical
symptoms and signs include skin changes (eczema,
pigmentation, and ulceration) in 63 patients, lower limb
swelling in 40, and painful sensation in 23.
Ultrasound evaluation
US examinations were performed with either a Acuson 128X
(Acuson Corp., Mountain View, CA, USA), or Acuson Aspen
(Mountain View, CA, USA) unit, equipped with a 7.5 or
7e10 MHz linear transducer. All patients underwent B-mode
imaging, color flow imaging, and spectral Doppler evalua-
tion by an experienced radiologist with 15 years of expe-
rience in US examination. All patients were examined in
either the erect position (n Z 48) or supine position
(n Z 17) if the patient was unable to assume the former.
The Valsalva’s maneuver was used to evaluate the valvular
competence of the sapheno-femoral junction. The greater
saphenous vein territory from the thigh to calf was evalu-
ated for presence of perforating veins at rest with a calf
compression used below the perforator.
Image analysis
Valvular incompetence of the sapheno-femoral junction
was defined as venous reflux flow on color flow imaging at
rest or using Valsalva’s maneuver with duration longer
than 0.5 s on spectral Doppler examination. Vessels be-
tween the deep veins and greater saphenous vein orvaricose vein were defined as perforators. Incompetent
perforating vein was defined as perforator with the largest
diameter equal or greater than 4 mm or perforator with
venous reflux on color flow imaging and/or spectral
Doppler examination at rest or when using calf
compression.
Results
Of the 65 patients with 80 abnormal lower limbs, 40 lower
limbs (50%) with varicose veins were caused by sapheno-
femoral valvular incompetence (Fig. 1). Other causes of
lower limb varicose vein were sapheno-femoral valvular
Fig. 2 Ultrasonic venous duplex examination of lower limb
varicose vein due to incompetent perforating vein of the right
lower limb. (A) Color flow imaging. Incompetent perforating
vein about 3 mm in diameter with reflux flow during calf
compression below the perforator. (B) Color flow imaging and
spectral Doppler examination. Dilated varicose veins of the
right lower limb are seen with reflux flow of the perforator (the
arrow indicates the start of calf compression).
Fig. 3 Ultrasonic venous duplex examination of lower limb
varicose vein due to deep vein thrombosis of the right lower
limb. (A) B-mode imaging. Thrombosis over the right superficial
femoral vein showing intraluminal echoes and non-
compressibility during direct compression (arrows). (B) Color
flow imaging. No obvious flow over the right superficial femoral
vein is seen (arrow).
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in 22 limbs (27.5%), incompetent perforating vein only in 13
limbs (16.3%) (Fig. 2), four deep vein thromboses (5%)
(Fig. 3), and one congenital abnormality (1.2%) (Fig. 4).
A total of 86 perforators were detected and the rela-
tionship between perforator diameter and incidence of
reflux is summarized in Table 1. Among them, there were 57
incompetent perforating veins (66.3%) in 35 lower limbs
(Table 2). Eighty-eight percent of perforators were smaller
than 4 mm in diameter and 61.8% of those showed reflux.
Twelve percent of perforators were equal or greater than
4 mm in diameter and 80% of those showed reflux. The
incidence of reflux in the perforators with diameter <4 mmgroup increased from 61.8% to 80% in the 4 mm group.
However, the difference was not significant (p Z 0.318;
Fisher exact test).
The locations and numbers of incompetent perforating
vein of lower limb are outlined in Tables 3 and 4. The most
common location of incompetent perforating vein was upper
calf (30/57; 52.6%). There were 35 incompetent perforating
veins (35/57; 61.4%) under the varicose vein area.
In the 80 abnormal lower limbs, 45 lower limbs (56.3%)
had no evidence of incompetent perforating vein on UVDE
and only five lower limbs (6.2%) with three incompetent
perforating veins in each limb were observed.
Fig. 4 Ultrasonic venous duplex examination of lower limb
varicose vein due to congenital abnormality (Klippel Trenaunay
syndrome) over the left lower limb. (A) Color flow imaging.
Incompetent perforating vein about 4 mm in diameter with
reflux flow during rest. (B) Venography: Several perforators
(arrows) connecting with greater saphenous vein can be iden-
tified. However, the superficial femoral vein and popliteal vein
cannot be identified.
Table 1 The relationship between the diameter and ul-
trasonic reflux of perforators.
Diameter of perforator (mm) Reflux (%) No reflux (%)
<4 mm 47 (61.8%) 29 (38.2%)
4 mm 8 (80%) 2 (20%)
Total 55 (64%) 31 (36%)
Table 2 Classification based on diameter of the incom-
petent perforating vein.
Diameter of
perforator (mm)
Number of incompetent
perforating vein (n Z 57)
<4 mm 47 (82.5%)
4 mm 10 (17.5%)
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Among the methods used to treat lower limb varicose vein,
surgical treatment is the standard management [6e8].
However, curative resection is frequently precluded
because of medical comorbidities that render patients
inoperable and cause cosmetic problems for young in-
dividuals after surgery. Under these circumstances, alter-
native minimally invasive therapies such as percutaneous
injection sclerotherapy, endovenous radiofrequency abla-
tion and laser therapy were developed [9e11]. The treat-
ment course for varicose vein depends on the etiology and
severity of the varicose vein. To prevent local recurrence,
patients with lower limb varicose vein need to be evaluated
to assist in determining the etiology.
Because of technological advances in US, several studies
have supported UVDE as an efficient and valuable technique
for diagnosing the presence and determining the etiology of
varicose veins [3e5]. The deep venous system is not
involved in patients with primary varicose vein. Patients
with secondary varicose vein develop this condition
because of damage to the deep venous system, usually
caused by deep vein thrombosis [12]. UVDE is a non-
invasive, simple and reproducible diagnostic tool that can
demonstrate the cause and location of lower limb varicose
vein before planning the treatment course and post-
treatment follow-up [2e5].
Incompetence of the greater or lesser saphenous vein or
both has been reported to be the most common cause of
lower limb varicose vein [1]. Our study results also
demonstrated that 50% of the lower limbs with varicose
veins resulted from sapheno-femoral valvular incompe-
tence. On B-mode and color flow imaging, the dynamic
motion of venous valve was well demonstrated. On spectral
Doppler imaging, the direction of flow during the Valsalva’s
maneuver also could be assessed well [1,12].
In addition to incompetence of the venous valve,
incompetent perforating vein appears to have a role in theTable 3 The location of incompetent perforating vein.
Location Number of
incompetent
perforating
vein (n Z 57)
Middle third of thigh (Dodd’s perforator) 10 (17.6%)
Upper calf (Boyd’s perforator) 30 (52.6%)
Lower calf (Crocket’s perforator) 17 (29.8%)
Under varicose vein area 35 (61.4%)
Table 4 The number of incompetent perforating vein in
the 80 lower limbs.
Number of incompetent
perforating veins in each limb
Number of limbs
(n Z 80)
0 45 (56.3%)
1 18 (22.5%)
2 12 (15%)
3 5 (6.2%)
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et al [13] reported that perforating vein with reflux could
be identified in approximately 25% of the patients with
perforators <3 mm in diameter and approximately 60% of
the patients with perforators >4 mm. We found that the
incidence of perforating vein with reflux in perforators
with diameter 4 mm group was more than in the diam-
eter <4 mm group (80% vs. 61.8%). More perforating veins
with reflux, regardless of size could be detected in our
study.
Manfred et al [2] used ascending venography and color-
coded duplex sonography for detection of incompetent
perforating vein and demonstrated more incompetent
perforating veins were found by ascending venography. In
our study, the incidence of perforating vein with reflux in
the perforators with diameters 4 mm was high (8/10,
80%). Phillips et al [13]suggested that the difficulty in
demonstrating reflux with US in all incompetent perforating
veins is because of the small volume and low velocity of
flow involved. This may explain, in part, why the two per-
forators with diameter 4 mm, but without reflux demon-
stration on UVDE was probably incompetent.
One of the limitations of the present study was that it
was performed as a retrospective single-center study with
limited patients. Another limitation was that 40% of pa-
tients received conservative treatment after UVDE, the
location and diameter of incompetent perforating vein
could not be confirmed, which possibly led to the bias.
In conclusion, UVDE is a safe and effective examination
for detection of valvular incompetence and the anatomic
location of incompetent perforating vein of lower limb
varicose vein before planning the treatment course.References
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